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for causing the electric parking brake to generate the parking
braking force; and a control unit that causes the electric
parking brake to generate the parking braking force when
the hydraulic braking force per wheel generated by the

hydraulic brake, after decreasing below the minimum first
braking force per wheel required for maintaining the vehicle
stop state only by the electric parking brake, 1s less than the
first braking force, in association with the parking brake
operation having been performed 1n a state where the stop
state 1s maintained only by a hydraulic brake operation for
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FIG. 2

BRAKE CONTROL DEVICE

101 1
FIRST DETECTION UNIT - HYDRAULIC BRAKE

102
SECOND DETECTION UNIT
103 2
CONTROL UNIT ELECTRIC PARKING BRAKE
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1
BRAKE CONTROL DEVICE

TECHNICAL FIELD

The present invention relates to a brake control device.

BACKGROUND ART

A technique of maintaining a stop state of a vehicle by
using two types of braking forces, a hydraulic braking force
by a hydraulic brake and a parking braking force by an
clectric parking brake, has been conventionally known.

CITATIONS LIST

Patent Literature

Patent Literature 1: Japanese Patent Publication No.
4837565

SUMMARY OF INVENTION

Technical Problems

In the conventional art as described above, 1n order to
shift from maintaining the stop state by only the hydraulic
brake to maintaining the stop state by only the electric
parking brake, a parking braking force capable of maintain-
ing the stop state 1s further generated 1n some cases while
maintaining the hydraulic braking force capable of main-
taining the stop state. Thus, 1n the above-described conven-
tional art, a load corresponding to the sum of the hydraulic
braking force and the parking braking force 1s applied to the
brake device, whereby a load larger than the load corre-
sponding to the braking force capable of maintaining the
stop state 1s applied to the brake device and the durability of
the mechanism 1s impaired 1n some cases.

Therelore, one of the objects of the present invention 1s to
provide a brake control device capable of reducing a load
applied to a brake device.

Solutions to Problems

A brake control device according to the present invention
relates to, for example, a brake control device that controls
a hydraulic brake capable of generating a hydraulic braking
force and an electric parking brake capable of generating a
parking braking force different from the hydraulic braking
force, the brake control device including

a detection unit that detects a parking brake operation for
causing the electric parking brake to generate the parking
braking force; and

a control unit that causes the electric parking brake to
generate the parking braking force in a case where the
hydraulic braking force 1s smaller than a first braking force
after a hydraulic braking force per one wheel generated by
the hydraulic brake becomes lower than the first braking
force per one wheel minimum required to maintain a stop
state by only the electric parking brake, the accompanying
parking brake operation being performed 1n a situation
where the stop state of the vehicle 1s maintained only by the
hydraulic brake operation for causing the hydraulic brake to
generate the hydraulic braking force. The parking braking
force thus can be avoided from being further generated 1n a
situation where the hydraulic braking force greater than or
equal to the first braking force 1s generated per one wheel,
so that the load applied to the brake device can be reduced.
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2

In the above brake control device, for example, the
control unmit causes the electric parking brake to generate the
parking braking force in a case where the hydraulic braking
force per one wheel 1s smaller than the first braking force
and 1s greater than or equal to a second braking force per one
wheel minmimum required to maintain the stop state only by
the hydraulic brake, after the hydraulic braking force per one
wheel becomes lower than the first braking force. The stop
state of the vehicle thus can be reliably maintained.

Furthermore, 1n the above brake control device, {for
example, the control unit controls a differential pressure
control valve of the hydraulic brake independent from the
hydraulic brake operation so that the second braking force 1s
held 1n a case where the hydraulic braking force per one
wheel drops to the second braking force. Thus, even 1n a case
where the hydraulic brake operation 1s completely released,
the hydraulic braking force per one wheel does not {fall
below the second braking force, and thus the stop state of the
vehicle can be more reliably maintained.

Moreover, 1n the above-described brake control device,
for example, the control unit controls timing to drive a motor
of the electric parking brake so that timing at which the
hydraulic braking force per one wheel drops to the second
braking force coincides with timing at which the parking
braking force starts to be generated. Thus, the shiit from
maintaining the stop state only by the hydraulic brake to
maintaining the stop state only by the electric parking brake
can be rapidly carried out.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an exemplary configuration diagram showing a
schematic configuration of a brake device to be controlled
by a brake control device according to an embodiment.

FIG. 2 1s an exemplary block diagram showing a func-
tional configuration of the brake control device according to
the embodiment.

FIG. 3 1s an exemplary timing chart showing change 1n
braking force per one wheel occurring 1n the embodiment.

FIG. 4 1s an exemplary flowchart showing a process
executed by a brake control device according to the embodi-
ment.

FIG. 5 1s an exemplary timing chart showing change 1n
braking force per one wheel occurring 1n a first modified
example.

FIG. 6 1s an exemplary timing chart showing change 1n
braking force per one wheel occurring 1n a second modified
example.

DESCRIPTION OF EMBODIMENT

Embodiment

Hereinatter, an embodiment of the present invention will
be described based on the drawings. The configuration of the
embodiment described below and the operation and result
(effect) brought about by the configuration are merely
examples and are not limited to the contents described
below.

FIG. 1 1s an exemplary configuration diagram showing a
schematic configuration of a brake device to be controlled
by a brake control device 100 (not shown 1n FIG. 1, see FIG.
2 described later) according to an embodiment. The brake
device 1s provided, for example, in a general four-wheeled
vehicle.

As 1llustrated 1n FIG. 1, the brake device according to the
embodiment includes a hydraulic brake 1 configured to be
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able to apply a braking force (friction braking torque) to four
wheels 2FL, 2FR, 2RL, and 2RR, and an electric parking

brake 2 configured to be able to apply a braking force to the
two wheels 2RL and 2RR. In the following description, 1n a
case where the braking force generated by the hydraulic
brake 1 and the braking force generated by the electric
parking brake 2 need to be distinguished, the former 1s
described as a hydraulic braking force and the latter is
described as a parking braking force.

The hydraulic brake 1 includes a pressure generating unit
32, wheel cylinders 38FL, 38FR, 38RL and 38RR, pressure

adjustment umts 34FL, 34FR, 34RL and 34RR, and a reflux

mechanism 37. The pressure generating unit 32 1s a mecha-
nism that generates a pressure (fluid pressure) according to

the operation of a brake pedal 31 by a driver of the vehicle.
Each of the wheel cylinders 38FL, 38FR, 38RL, and 38RR
1s a mechanism that applies a braking force to the wheels

2FL, 2FR, 2RL, and 2RR by pressurizing a friction braking

member. Each of the pressure adjustment units 34FL, 34FR,
34RL., and 34RR 1s a mechanism that adjusts the hydraulic
pressures applied to the wheel cylinders 38FL, 38FR, 38RL,
and 38RR. The reflux mechanism 37 i1s a mechanism that
returns the fluid (working fluid) serving as a medium for
generating the fluid pressure toward the upstream side.
More specifically, the pressure generating unit 32 includes
a master cylinder 32a and a reservoir tank 325. The master
cylinder 32a 1s pushed accompanying the operation (step-
ping) of the brake pedal 31, so that the fluid to be replenished
from the reservoir tank 326 1s discharged to two discharge
ports. The two discharge ports are respectively connected
through a differential pressure control valve 33 to the front
side pressure adjustment unit 34FR and the rear side pres-
sure adjustment unmit 34RL, and the front side pressure
adjustment unit 34FL and the rear side pressure adjustment
unit 34RR. The differential pressure control valve 33 1s

opened and closed under the control of the brake control
device 100 (see FIG. 2) to be described later.

The pressure adjustment units 34FL, 34FR, 34RL, and
34RR each include electromagnetic valves 35 and 36
capable of electrically switching between the open state and
the closed state. The electromagnetic valves 35 and 36 are
provided between the differential pressure control valve 33
and a reservoir 41. The electromagnetic valve 35 1s con-
nected to the differential pressure control valve 33, and the
clectromagnetic valve 36 1s connected to the reservoir 41.

The pressures generated in the wheel cylinders 38FL,
38FR, 38RL and 38RR can be increased, maintained, or
decreased by opening and closing the electromagnetic
valves 35 and 36 under the control of the brake control
device 100 (see FIG. 2). The wheel cylinder 38FL 1is
connected between the electromagnetic valves 35 and 36 of
the pressure adjustment unit 34FL, and the wheel cylinder
38FR 1s connected between the electromagnetic valves 35
and 36 of the pressure adjustment unit 34FR. Furthermore,
the wheel cylinder 38RL 1s connected between the electro-
magnetic valves 35 and 36 of the pressure adjustment unit
34RL., and the wheel cylinder 38RR 1s connected between
the electromagnetic valves 35 and 36 of the pressure adjust-
ment unit 34RR.

The reflux mechanism 37 includes the reservoir 41 and a
pump 39, and a pump motor 40 that rotates the front-side and
rear-side pumps 39 to transport the fluid toward the upstream
side. One of each of the reservoir 41 and the pump 39 1s
provided 1n correspondence with the combination of the
pressure adjustment units 34FR and 34RL and the combi-
nation of the pressure adjustment units 34FL and 34RR.
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The hydraulic brake 1 includes a stroke sensor 51 capable
of detecting an operation amount (stroke) of the brake pedal
31, a pressure sensor (not shown in FIG. 1) capable of
detecting a pressure generated in the master cylinder 32a,
and the like.

Here, 1n the embodiment, an electric parking brake (EPB)
motor 60 driven based on the control of the brake control
device 100 (see FI1G. 2) 1s connected to each of the rear side
wheel cylinders 38RL and 38RR. Thus, 1n the embodiment,
as the Iriction braking members of the rear-side wheel
cylinders 38RL and 38RR are pressurized 1in accordance
with the drniving of the EPB motor 60, the braking force
(parking braking force) i1s applied to the rear-side wheels
2RL. and 2RR. Therefore, 1in the embodiment, the rear-side
wheel cylinders 38RL and 38RR and the two EPB motors 60
connected to the two wheel cylinders 38RL and 38RR
function as an electric parking brake 2 capable of generating
a parking braking force separately from the hydraulic brak-
ing force by the hydraulic brake 1.

In the vehicle provided with the hydraulic brake 1 and the
clectric parking brake 2 as described above, the driver can
cause the vehicle to generate an appropriate braking force
according to the situation by appropriately performing an
operation (hydraulic brake operation) of causing the hydrau-
lic brake 1 to generate the hydraulic braking force and an
operation of causing the electric parking brake 2 to generate
the parking braking force. For example, in a situation where
the vehicle 1s 1 the stop state only by the hydraulic brake
operation, the stop state 1s maintained as 1s even if the
hydraulic brake operation 1s released and the hydraulic
braking force becomes zero in a case where suflicient
parking braking force 1s obtained by the subsequent parking
brake operation.

However, conventionally, the parking braking force 1s
usually generated immediately after the parking brake
operation 1s performed. Furthermore, the parking brake
operation 1s usually performed before the release of the
hydraulic brake operation 1s started. Thus, conventionally, in
a case where the parking brake operation 1s performed 1n a
situation 1n which the stop state of the vehicle 1s maintained
only by the hydraulic brake operation, a load larger than a
load corresponding to the braking force capable of main-
taining the stop state 1s likely to be applied on the hydraulic
brake 1 and the electric parking brake 2 as the parking
braking force starts to be further generated 1n a situation in
which a hydraulic braking force suflicient to maintain the
stop state 1s generated.

With the configuration described below, the brake control
device 100 according to the embodiment shifts the timing of
the parking brake operation and the timing of driving the
EPB motor 60 to appropnately control the timing the
parking braking force actually starts to be generated by the
parking brake operation, and suppress a load larger than the
load corresponding to the braking force capable of main-
taining the stop state from being applied on the hydraulic
brake 1 and the electric parking brake 2.

FIG. 2 1s an exemplary block diagram showing a func-
tional configuration of the brake control device 100 accord-
ing to the embodiment. For example, the brake control
device 100 constitutes a part of a brake electronic control
umit (ECU) having the hardware similar to an ordinary
computer such as a processor and a memory. The brake
control device 100 may be integrated with other parts of the
brake ECU or may be configured separately from the other
parts.

As 1illustrated 1n FIG. 2, the brake control device 100 1s

configured to be able to control the hydraulic brake 1 and the
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clectric parking brake 2. Furthermore, the brake control
device 100 includes a first detection unit 101, a second
detection unit 102, and a control unit 103, as functional
configurations. These functional configurations are realized,
for example, as a result of the processor of the brake control
device 100 executing various programs stored in the
memory. In the embodiment, a part of or all of these
functional configurations may be realized by dedicated
circuits or the like.

The first detection unit 101 detects an operation (hydrau-
lic brake operation) for causing the hydraulic brake 1 to
generate the hydraulic braking force. The hydraulic brake
operation 1s, for example, the operation of the brake pedal 31
by the driver. The first detection unit 101 detects the stepping,
operation of the brake pedal 31 by the driver, the step-back
operation, and the operation amount thereof based on the
detection results of the stroke sensor 51 and the like.

The second detection unit 102 detects an operation (park-
ing brake operation) for setting the electric parking brake 2
to a state capable of generating the parking braking force.
The parking brake operation 1s, for example, an operation
such as an EPB switch or a lever (not shown in FIG. 1)
provided near the driver’s seat. The second detection unit
102 detects the parking brake operation by detecting an
clectric signal or the like output according to an operation of
the EPB switch, the lever, or the like.

In a case where the parking brake operation 1s performed
and the hydraulic brake operation 1s released 1n a situation
where the stop state of the vehicle 1s maintained only by the
hydraulic brake operation, the control unit 103 drives the
EPB motor 60 of the electric parking brake 2 at the timing
later than the timing at which the parking brake operation 1s
performed. More specifically, in a case where the state in
which the stop state 1s maintained only by the hydraulic
braking force 1s shifted to the state 1n which the stop state 1s
maintained only by the parking braking force, the control
unit 103 controls the hydraulic brake 1 and the electric
parking brake 2 so that the braking force per one wheel
generated 1 the vehicle changes according to the timing
chart described below.

FIG. 3 1s an exemplary timing chart showing change in
braking force per one wheel occurring 1n the embodiment. In
FIG. 3, a dotted line L1 represents change 1n the hydraulic
braking force per one wheel generated by the hydraulic
brake 1 according to the hydraulic brake operation, and a
chain dashed line L2 represents change in the hydraulic
braking force per one wheel generated by the hydraulic
brake 1 according to the control of the control unit 103
independent from the hydraulic brake operation. Further-
more, 1n FIG. 3, a chain double-dashed line L3 represents
change 1n the parking braking force per one wheel generated
by the electric parking brake 2 according to the control of the
control unit 103, and a solid line L4 represents change 1n the
total braking force combining three kinds of braking forces
represented with the dotted line L1, the chain dashed line L2,
and the chain double-dashed line L3.

In the example of FIG. 3, the hydraulic brake operation 1s
started at timing t1, and accordingly the hydraulic braking
force per one wheel starts to increase (see dotted line L1 and
solid line L4). At timing t2 at which the hydraulic braking
force per one wheel becomes larger than the required
two-wheel braking force, the increase of the hydraulic
braking force stops. Here, the required two-wheel braking
torce 1s the braking force per one wheel minimum required
to maintain the stop state of the vehicle by only the two
wheels on the rear side, that 1s, the braking force per one
wheel minimum required to maintain the stop state of the
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vehicle by only the electric parking brake 2. Furthermore, in
the example of FIG. 3, the vehicle 1s in the stop state at
timing t3 at the latest.

In the example of FIG. 3, the parking brake operation 1s
performed at the timing t3 after the vehicle 1s 1n the stop
state. The control umt 103 starts driving the differential
pressure control valve 33 of the hydraulic brake 1 at the
timing t3 the parking brake operation 1s performed. The
differential pressure control valve 33 then starts to drive so
as to secure an istructed pressure mstructed by the control
umit 103 independently of the hydraulic brake operation
based on the control of the control unit 103. The nstructed
pressure 1s set to a magnitude corresponding to the braking
force per one wheel minimum required to maintain the stop
state of the vehicle with all four wheels, that 1s, the required
tour-wheel braking force, which 1s the braking force per one
wheel minimum required to maintain the stop state of the
vehicle by only the hydraulic brake 1. Therefore, in the
example of FIG. 3, after timing t4 at which the required
four-wheel braking force 1s secured by the differential pres-
sure control valve 33, the hydraulic braking force having a
magnitude of at least the required four-wheel braking force
continues to be generated per one wheel of the vehicle
regardless of the hydraulic brake operation unless the con-
trol of the control unit 103 is released (see chain dashed line
L.2).

Furthermore, 1n the example of FIG. 3, at timing tS after
the required four-wheel braking force i1s secured by the
differential pressure control valve 33, the hydraulic brake
operation starts to be released, and accordingly, the hydrau-
lic braking force per one wheel starts to decrease (see dotted
line L1, solid line L.4). Here, 11 the hydraulic braking force
per one wheel falls below the required four-wheel braking
force, the stop state of the vehicle may not be maintained.
However, 1n the example of FIG. 3, the required four-wheel
braking force 1s already secured by the differential pressure
control valve 33 at timing t4 before timing t6 at which the
hydraulic braking force per one wheel drops to the required
four-wheel braking force (see chain dashed line L.2). There-
fore, 1n the example of FIG. 3, the required four-wheel
braking force 1s secured by the differential pressure control
valve 33 even if timing t7 at which the hydraulic brake
operation 1s completely released after timing t6 1s reached,
and hence the stop state of the vehicle 1s maintained (see
solid line L4).

The control unit 103 then controls the EPB motor 60 of
the electric parking brake 2 to shift from maintaining the
stop state of the vehicle by only the hydraulic braking force
of the hydraulic brake 1 (diflerential pressure control valve
33) to maintaiming the stop state of the vehicle by only the
parking braking force of the electric parking brake 2. Spe-
cifically, 1n the example of FI1G. 3, the control unit 103 starts
to supply current to the EPB motor 60 of the electric parking
brake 2 at timing t6 at which the hydraulic braking force per
one wheel drops to the required four-wheel braking force.
Thus, the electric parking brake 2 actually starts to generate
the parking braking force at timing t8 after a predetermined
delay time unavoidably occurring in the mechanism has
clapsed (see chain double-dashed line L3).

To shift to maintaining the stop state of the vehicle by
only the parking braking force, the parking braking force per
one wheel needs to be increased to at least the required
two-wheel braking force. On the other hand, the sum of the
hydraulic braking force and the parking braking force per
one wheel 1s desirably not be made larger than the required
two-wheel braking force. However, generally, the overall
braking force decreases by a predetermined amount as the
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axial force applied to the pad (not shown) of the electric
parking brake 2 1s decreased if the hydraulic braking force

1s decreased. Therefore, 1n the embodiment, 1n view of such

a decrease 1n the braking force, the sum of the hydraulic
braking force and the parking braking force per one wheel >
1s set to a value larger than the required two-wheel braking
force by a predetermined amount. Specifically, i the
example of FIG. 3, the driving of the EPB motor 60 is
stopped at timing t9 at which the sum of the hydraulic
braking force and the parking braking force per one wheel
becomes a value larger than the required two-wheel braking
force by a predetermined amount (see chain double-dashed
line L.3). In the example of FIG. 3, the control of the
differential pressure control valve 33 1s released at timing
t10 after the timing t9, whereby the overall braking force 1s
decreased by a predetermined amount (see solid line L4).
However, in the example of FI1G. 3, the overall braking force
1s maintained by a Irictional force between a bolt (not
shown) of the electric parking brake 2 and a nut (not shown) 20
(see solid line L4). That 1s, 1n the example of FIG. 3, even

if the hydraulic braking force becomes zero at timing t11, the
parking braking force at timing t11 becomes a value larger
than the parking braking force at timing t10 (see chain
double-dashed line L3). In the example of FIG. 3, it 1s 25
apparent that in the period between timing 19 and timing t10,
the width W1 between the chain dashed line .2 and the
horizontal axis 1s equal to the width W2 between the solid
line .4 and the chain double-dashed line L3.

FIG. 4 1s an exemplary flowchart showing a process
executed by the brake control device 100 according to the
embodiment. The processing tlow of FIG. 4 1s executed 1n
a case where the vehicle 1s in the stop state only by hydraulic
brake operation.

In the processing flow of FIG. 4, first, in S1, the second
detection unit 102 detects whether or not the parking brake
operation has been performed. The process of S1 1s repeated
until determination 1s made that the parking brake operation
has been performed. Then, 1n a case where determination 1s 49
made that the parking brake operation has been performed in
S1, the process proceeds to S2.

In S2, the control unit 103 determines the magmitude of
the parking braking force to be generated by the electric
parking brake 2. More specifically, the control unit 103 45
determines the magnitude of the parking braking force to be
generated by the electric parking brake 2 so that the sum of
the hydraulic braking force and the parking braking force
per one wheel 1s larger than the required two-wheel braking,
force by a predetermined amount while anticipating amount 50
of decrease 1n the braking force as described above in the
case where the hydraulic braking force 1s decreased after the

hydraulic braking force 1s generated by the process of S
described later.

In S3, the control unit 103 drives the diflerential pressure 55
control valve 33 of the hydraulic brake 1 so that the
hydraulic brake 1 holds the required four-wheel braking
force. The braking force per one wheel (hydraulic braking
force) applied to the vehicle thus does not fall below the
required four-wheel braking force. 60

In S4, the first detection unit 101 determines whether or
not release of the hydraulic brake operation has started. The
process ol S4 1s repeated until determination 1s made that the
release of the hydraulic brake operation has started. Then, in
a case where determination 1s made that the release of the 65
hydraulic brake operation has started 1n S4, the process
proceeds to S5.
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In S5, the control unit 103 monitors the braking force per
one wheel (hydraulic braking force generated by the hydrau-
lic brake 1 according to the hydraulic brake operation)
applied to the vehicle.

In S6, the control unit 103 determines whether or not the
hydraulic braking force per one wheel has dropped to the
required four-wheel braking force. In a case where deter-
mination 1s made that the hydraulic braking force per one
wheel 1s larger than the required four-wheel braking force in
S6, the process returns to S5. On the other hand, in a case
where determination i1s made that the hydraulic braking
force per one wheel has dropped to the required four-wheel
braking force in S6, the process proceeds to S7.

In S7, the control unit 103 drives the EPB motor 60 of the
clectric parking brake 2. The electric parking brake 2 1is
thereby set to a state capable ol generating the parking
braking force, and after a predetermined delay time 1n the
mechanism has elapsed, the parking braking force actually
starts to be generated.

In S8, the control unit 103 stops the EPB motor 60 of the
clectric parking brake 2. Then, 1n S9, the control unit 103
releases the driving of the differential pressure control valve
33 of the hydraulic brake 1. Thus, the hydraulic braking
force generated according to the process of S3 becomes
zero, and the parking braking force generated according to
the process of S7 reaches the required two-wheel braking
force and 1s held thereat.

As described above, 1n a case where the parking brake
operation 1s pertormed and the hydraulic brake operation 1s
released 1n a situation where the stop state of the vehicle 1s
maintained only by the hydraulic brake operation, the con-
trol unit 103 according to the embodiment causes the electric
parking brake 2 to generate the parking braking force after
the braking force per one wheel (hydraulic braking force)
generated by the hydraulic brake 1 dropped to the required
tour-wheel braking force. Thus, the parking braking force 1s
generated after the hydraulic braking force 1s sufliciently
decreased, whereby a load larger than the load correspond-
ing to the braking force capable of maintaining the stop state
can be suppressed from being applied to the hydraulic brake
1 and the electric parking brake 2.

Furthermore, 1n the above-described control, the control
umt 103 according to the embodiment controls the differ-
ential pressure control valve 33 of the hydraulic brake 1 so
that the required four-wheel braking force 1s maintained in
a case where the hydraulic braking force per one wheel
dropped to the required four-wheel braking force. Thus,
even 1 a case where the hydraulic brake operation 1is
completely released, the hydraulic braking force per one
wheel does not fall below the required four-wheel braking
force, and hence the stop state of the vehicle can be more
reliably maintaimned. That 1s, even 1n a case where the
hydraulic brake operation 1s completely released 1n a situ-
ation where the vehicle 1s 1 the stop state on an inclined
surface such as a hill, the vehicle can be avoided from
sliding down along the inclined surface. Furthermore, 1n a
case where only the hydraulic braking force 1s held by the
differential pressure control valve 33, the pump motor 40
does not need to be driven, and thus the noise can be
reduced.

In the above described embodiment 1n which the feedback
control 1s not performed, the magmtude of the parking
braking force 1s determined at the time the parking brake
operation 1s performed. If the required four-wheel braking
force and the amount of decrease 1n the braking force due to
the decrease 1n the axial force by the decrease in the
hydraulic braking force 1s stored 1n the control unit 103 in
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advance, the parking braking force of an appropriate mag-
nitude can be calculated by calculating on the basis of the
stored value. Therefore, 1n the embodiment, the calculation
load of the control unit 103 of the brake control device 100
can be reduced as compared with, for example, a case where
the parking braking force 1s feedback-controlled based on

the detection values of the hydraulic braking force and the
parking braking force.

MODIFIED EXAMPLE

In the above described embodiment, the example in which
the driving of the EPB motor 60 i1s started at the timing the
hydraulic braking force corresponding to the hydraulic brake
operation dropped to the four-wheel braking force has been
described. However, etlects (results) similar to the embodi-
ment described above are obtained even if the driving of the
EPB motor 60 1s started at the timing other than the above
if the timing at which the parking braking force starts to be
generated 1s later than the timing at which the parking brake
operation 1s performed.

For example, as a modified example, consider an example
in which the driving of the EPB motor 60 1s started at the
timing the parking braking force starts to be generated after
the hydraulic braking force corresponding to the hydraulic
brake operation falls below the required two-wheel braking
force and before the hydraulic braking force drops to the
required four-wheel braking force. In this example, the
parking braking force 1s avoided from being further gener-
ated 1 a situation where the hydraulic braking force of
greater than or equal to the required two-wheel braking force
1s generated per one wheel. Therefore, 1n this example, the
load applied to the hydraulic brake 1 and the electric parking
brake 2 can be reduced.

Furthermore, the following examples can be considered
as other modified examples.

First Modified Example

FIG. 5 1s an exemplary timing chart showing change in
the braking force per one wheel occurring in a first modified
example. In FIG. 5, a dotted line L1a represents change 1n
hydraulic braking force per one wheel generated according
to the hydraulic brake operation, and a chain dashed line L.2a
represents change 1n hydraulic braking force per one wheel
by the differential pressure control valve 33 controlled
independently of the hydraulic brake operation. Further-
more, 1n FIG. 5, a chain double-dashed line L.3a represents
change 1n the parking braking force per one wheel generated
by the electric parking brake 2, and a solid line Lda
represents change 1n the total braking force combining three
kinds of braking forces represented with the dotted line L1a,
the chain dashed line .24, and the chain double-dashed line
L3a.

As shown 1n FIG. 5, the first modified example 1s similar
to the embodiment described above in that the differential
pressure control valve 33 generates the hydraulic braking
force independently of the hydraulic brake operation at
timing t21 at which the parking brake i1s performed. On the
other hand, the first modified example differs from the
embodiment described above 1n that the currents starts to be
supplied to the EPB motor 60 not at timing t22 at which the
hydraulic braking force per one wheel dropped to the
required four-wheel braking force but at timing t23 at which
the hydraulic brake operation 1s completely released.

However, the first modified example 1s similar to the
embodiment described above in that the parking braking
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force actually starts to be generated in the situation where
the hydraulic braking force 1s sufliciently decreased and only

the required four-wheel braking force by the differential
pressure control valve 33 1s generated, although the driving
timing of the EPB motor 60 i1s diflerent from the above-
described embodiment. Therefore, in the first modified
example as well, a load larger than the load corresponding
to the braking force capable of maintaining the stop state can
be further suppressed from being applied to the hydraulic
brake 1 and the electric parking brake 2, similar to the
embodiment described above.

Various changes (see timings 25, 126, and t27 in FIG. 5)
alter timing t24 at which the parking braking force actually
starts to be generated in the first modified example are
similar to the various changes (see timings 19, t10, and t11
in FI1G. 3) after timing t8 at which the parking braking force
actually starts to be generated 1n the embodiment described
above, and thus detailed description will be omitted.

Second Modified Example

FIG. 6 1s an exemplary timing chart showing change 1n
the braking force per one wheel occurring i a second
modified example. In FIG. 6, a dotted line L1b represents
change 1n hydraulic braking force per one wheel generated
according to the hydraulic brake operation, and a chain
double-dashed line .35 represents change in parking brak-
ing force per one wheel generated by the electric parking
brake 2. Furthermore, in FIG. 6, a solid line L4b represents
change 1n total braking force combining two kinds of
braking forces represented by the dotted line L15 and the
chain double-dashed line L3b.

As shown 1 FIG. 6, imn the second modified example,
timing t31 to start supplying current to the EPB motor 60 1s
set 1n view of a predetermined delay time unavoidably
occurring 1n the mechanism of the electric parking brake 2
so that the parking braking force actually starts to be
generated at timing t32 at which the hydraulic braking force
per one wheel corresponding to the hydraulic brake opera-
tion dropped to the required four-wheel braking force.

Here, in the second modified example, even 1 a case
where the hydraulic braking force per one wheel corre-
sponding to the hydraulic brake operation dropped to the
required four-wheel braking force, the hydraulic braking
force by the control of the differential pressure control valve
33 is not generated, as opposed to the embodiment described
above. However, i the second modified example, as
described above, the timing at which the hydraulic braking
force per one wheel dropped to the required four-wheel
braking force coincides with the timing at which the parking
braking force actually starts to be generated. Therefore, in
the second modified example, even 1f after the hydraulic
braking force per one wheel dropped to the required four-
wheel braking force, the release of the hydraulic brake
operation 1s continued as 1s, the amount of decrease in the
hydraulic braking force and the amount of increase in the
parking braking force cancel each other out so that the total
braking force per one wheel that takes into consideration
both the hydraulic braking force and the parking braking
force 1s maintained at the required four-wheel braking force.

In the second modified example, 1n a case where the
hydraulic brake operation 1s completely released and the
hydraulic braking force becomes zero, the amount of
increase 1n the parking braking force cannot be canceled out,
and thus the parking braking force i1s increased to the
required two-wheel braking force. In the second modified
example, the driving of the EPB motor 60 i1s stopped at
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timing t34 at which the parking braking force reaches the
required two-wheel braking force. Thus, the magnitude of
the parking braking force 1s maintained at the required
two-wheel braking force. As a result, the total braking force
per one wheel 15 also maintained at the required two-wheel
braking force, and the stop state of the vehicle 1s maintained.

As described above, in the second modified example, the
timing at which the hydraulic braking force per one wheel
drops to the required four-wheel braking force coincides
with the timing at which the parking braking force actually
starts to be generated. Thus, the shift from maintaining the
stop state only by the hydraulic brake 1 to maintaining the
stop state only by the electric parking brake 2 can be rapidly
carried out. Furthermore, a load larger than the load corre-
sponding to the braking force capable of maintaining the
stop state can be suppressed from being applied to the
hydraulic brake 1 and the electric parking brake 2.

The embodiment and modified examples of the present
invention have been described above, but the above-de-
scribed embodiment and modified examples are merely
examples, and 1t 1s not mtended to limit the scope of the
invention. The above-described novel embodiment and
modified examples can be implemented in various forms,
and various omissions, substitutions, or modifications can be
made without departing from the spirit of the invention.
Furthermore, the above-described embodiment and modi-
fied examples are included in the scope and gist of the
invention, and are included 1n the invention described 1n the
claims and the equivalent scope thereof.

The invention claimed 1s:

1. A brake control device that controls a hydraulic brake
capable of generating a hydraulic braking force and an
clectric parking brake capable of receiving an electric cur-
rent which, after a predetermined delay from starting the
receiving of the electric current, causes the electric parking,
brake to generate a parking braking force different from the
hydraulic braking force, the brake control device compris-
ng:

a detection unit that detects a parking brake operation for
causing the electric parking brake to generate the
parking braking force; and

a control unit that starts to supply the electric current to
the electric parking brake after the electric parking
brake 1s operated by the driver, wherein the start of

10

15

20

25

30

35

40

12

supply of the electric current to the electric parking
brake 1s delayed by the control unit such that the
clectric parking brake generates the parking braking
force 1n a case where the hydraulic braking force 1s
decreased to be smaller than a first braking force, and
the parking braking force i1s not generated before the
hydraulic force 1s decreased to be smaller than the first
braking force even 1f the electric parking brake 1is
operated before the hydraulic force 1s decreased to be
smaller than the first braking force, after a hydraulic
braking force per one wheel generated by the hydraulic
brake becomes lower than the first braking force per
one wheel minimum required to maintain a stop state
by only the electric parking brake, the accompanying
parking brake operation being performed 1n a situation
where the stop state of the vehicle 1s mitially main-
tained only by hydraulic brake operation by the driver
for causing the hydraulic brake to generate the hydrau-
lic braking force and 1s followed by release of the
hydraulic brake operation by the driver.

2. The brake control device according to claim 1, wherein
the control unit causes the electric parking brake to generate
the parking braking force in a case where the hydraulic
braking force per one wheel 1s smaller than the first braking
force and 1s greater than or equal to a second braking force

per one wheel minimum required to maintain the stop state
only by the hydraulic brake, after the hydraulic braking force
per one wheel becomes lower than the first braking force.

3. The brake control device according to claim 2, wherein
the control unit controls a diflerential pressure control valve
of the hydraulic brake independent from the hydraulic brake
operation by the driver so that the second braking force 1s
held 1 a case where the hydraulic braking force per one
wheel drops to the second braking force.

4. The brake control device according to claim 2, wherein
the control umit controls timing to drive a motor of the
clectric parking brake so that timing at which the hydraulic
braking force per one wheel drops to the second braking
force coincides with timing at which the parking braking
force starts to be generated.
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